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18 342 
The temperature h i s t o r y  of a carbon d iox ide-argon m i x t u r e  was fo l lowed 

by an i n f r a r e d  monochromatic r a d i a t i o n  pyrometer technique a f t e r  i n c i d e n t  

and r e f l e c t e d  shocks. Temperaturesas h i g h  as 3600" K were measured. 

One-dimensional wave theory c a l c u l a t i o n s  o f  t h e  i n c i d e n t  and r e f l e c t e d  

temperatures were found t o  be i n  good agreement w i t h  t h e  exper imenta l  . 

r e s u l t s .  D e t a i l e d  t ime-temperature s t u d i e s  showed the  e f f e c t  o f  a t t e n u a t i o n  

P 

The shock tube has found one o f  i t s  pr ime a p p l i c a t i o n s  i n  t h e  s tudy 

o f  h igh- temperature r a t e  processes i n  gases. Commonly, these processes 

have a s t r o n g  temperature dependence, and i t  i s  t h e r e f o r e  necessary t o  

know t h e  temperature o f  t h e  experiment q u i t e  accura te ly .  T h i s  need can be 

met n i c e l y  so long as i n c i d e n t  shock.waves a r e  used t o  heat  t h e  gas, 

1 J 
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4 
I 2 I 

1 because one-dimensional theory, p l u s  the thermodynamic p r o p e r t i e s  o f  t h e  

, 2 gas, can be used t o  c a l c u l a t e  t h e  shocked-gas temperature from t h e  measured 

3 v e l o c i t y  o f  t h e  wave. Very of ten,  hcwever, i t  i s  convenient  o r  even 

1 -  4 necessary t o  study processes behind r e f l e c t e d  shocks, t a k i n g  advantage o f  
1 ,  

5 t h e  h i g h e r  temperatures and pressures which can be produced w i t h o u t  unduly  

6 s t r a i n i n g  the c a p a c i t i e s  o f  convent ional  shock tubes. I n  t h a t  event, i t  

7 i s  no longer  so c l e a r  t h a t  the  temperature can be c a l c u l a t e d  a c c u r a t e l y ;  

a i n t e r a c t i o n s  o f  the  r e f l e c t e d  shock w i t h  the  boundary l a y e r  (kef. 1 )  and 

9 w i t h  t h e  pressure  g r a d i e n t  c rea ted  by a t t e n u a t i o n  o f  the  i n c i d e n t  shock ~ 

, -  

l i  

10 (ref .  2) i n t r o d u c e  ambigui t ies.  
z 

I 11 T h i s  problem has been w i d e l y  recognized, and measurements o f  r e f l e c t e d - g a s  

12 temperature have r e c e n t l y  begun t o  appear i n  t h e  l i t e r a t u r e .  For the  most 

13 p a r t  they were made by t h e  1 i ne- reversa l  method (Ref. 3,4), 

14 a l t h o u g h  i n  one case t h e  r a t e  o f  a chemical r e a c t i o n  was used as an 

15 i n d i c a t i o n  o f  temperature (Kef. 5).. The purpose of the  present  work was 

16 t o  app ly  s t i l l  another  technique. We have determined t h e  temperature 

17 from simultaneous measurements o f  i n f r a r e d  s p e c t r a l  emiss ion and e m i s s i v i t y .  
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Among t h e  advantages o f  the  

i s  no need t o  i n t r o d u c e  sod 

t ime r e s o l u t i o n  i s  p o s s i b l e  

i n f r a r e d  metbod a r e  t h e  f o l l o w i n g :  ( 1 )  There 

urn s a l t s  or o t h e r  sources of emission; ( 2 )  good 

I 

and (3) a very  w ide  temperature range can 

be covered, n o t  l i m i t e d  by the a v a i l a b l e  b r i g h t n e s s  temperature o f  a 

l i g h t  source, as i n  t h e  r e v e r s a l  method, 

T h i s  paper r e p o r t s  temperatures measured behind r e f l e c t e d  shocks i n  

a gas t h a t  i s  t y p i c a l  o f  m i x t u r e s  l i k e l y  t o  be used i n  chemical s tud ies :  

10% C02-gO% Ar .  The temperature range behind r e f l e c t e d  shocks was 

2000" t o  3600" K, a l though temperatures as l o w  as 1000" K were measured 

behind i n c i d e n t  waves. Temperatures determined a t  s h o r t  t imes (50 t o  100 P 
sec) a f t e r  t h e  r e f l e c t e d  wave passed t h e  o b s e r v a t i o n  s t a t i o n  a r e  compared 

w i t h  va lues c a l c u l a t e d  from the  v e l o c i t y  o f  t h e  i n c i d e n t  wave. Two d e t a i l e d  

temperature- t ime records a r e  a l s o  presented; these show t h e  e f f e c t s  o f  

shock a t t e n u a t i o n  on bo th  t h e  i nc ident -  and t h e  r e f  lected-shock temperature. 

APPARATUS AND EXPERIMENTAL PROCEDURE 

Bas i s o f  Em i s s i on -Absorp t i on Py romet r y  

The i n f r a r e d  monochromatic r a d i a t i o n  ( I M R A )  method o f  gas temperature : 
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measurement has been descr ibed elsewhere ( r e f .  6, 7). I t  i s  based on 

the  f a c t  t h a t  the  i n t e n s i t y  o f  r a d i a t i o n  e m i t t t e d  by a h o t  gas depends on 

the  gas temperature and on the number o f  gaseous e n t i t i e s  (molecules f r e e  # 

r a d i c a l s ,  o r  atoms) e m i t t i n g  r a d i a t i o n .  Consequently, by measuring the  

a b s o l u t e  i n t e n s i t y  o f  r a d i a t i o n  (spec t ra l  emiss ion)  and the  r e l a t i v e  

t h e  temperature o f  a 

l y  the  i n f o r m a t i o n  

n which i t  i s  reduced 

number d e n s i t  

gas can be ca 

recorded i n  a 

o f  e m i t t e r s  ( s p e c t r a l  e m i s s i v i t y ) ,  

cu la ted.  F igure  1 shows schematica 

shock-tube experiment, and the way 

t o  a temperature measurement. 

The meas rement o f  s p e c t r a l  emission i s  s t r a i g h t f o r w a r d .  The i n f r a r e d  

d e t e c t i o n  system response t o  the ho t  gas emiss ion ( V  f ig.  1.) i s  compared 
9' 

w i t h  i t s  response t o  a c a l i b r a t e d  standard i n f r a r e d  source ( V  ), and 
S 

conver ted t o  a b s o l u t e  u n i t s  by means o f  c a l i b r a t i o n  fac to rs .  The r e s u l t  

-2 - 1  - 1  
i s  a s p e c t r a l  emiss ion va lue ( I  ) i n  terms o f  w a t t s  crn s t e r  a t  9 

a s p e c i f i c  wavelength. The e f f e c t  o f  the number o f  e m i t t e r s  i s  accounted 

f o r  by a b s o r p t i o n  spectroscopy a t  the same Wavelength. The r e d u c t i o n  i n  

s i g n a l  s t r e n g t h  due t o  t r a n s m i t t e d  .l i b t  from V t o  V v o l t s ,  determines io 
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t h e  spec t ra1 ;absorp t iv i t y  (1-- V ), which i s  equal t o  t h e  s p e c t r a l  e m i s s i v i t y ,  e. 

"0 

Accord ing t o  K i r c h o f f ' s  r a d i a t i o n  law, the r a t i o  o f  the  s p e c t r a l  

emiss ion o f  the  h o t  gas t o  i t s  spec t ra l  e m i s s i v i t y  i s  n u m e r i c a l l y  equal 

t o  t h e  r a d i a t i o n  (Ib) t h a t  would be e m i t t e d  by an idea l  blackbody 

r a d i a t o r  a t  the  same temperature as t h e  gas: 

I 
9= 
e ' b  

P l a n c k ' s  law r e l a t i n g  temperature t o  blackbody s p e c t r a l  emiss ion i s  

Thus, inasmuch as C 1  and C2 a re  p h y s i c a l  cons tan ts  and lb i s  

measured a t  the wavelength A ,  the temperature i s  determined. 

Apparatus f o r  Erni ss6on-Absorpt ion Pyrometry 

A.schernatic diagram o f  t h e  shock tube and assoc ia ted  equipment i s  

g i v e n  i n f i g u r e  2. A constant  i n t e n s i t y  o f  i n f r a r e d  r a d i a t i o n  from a 

g lower  source i s  mechanica l ly  chopped a t  80 k i l o c y c l e s  p e r  second and sent  

th rough the  sgpph i re  windows o f  the shock tube i n t o  a p r i s m  monochromator 

and a l i q u i d - n i t r o g e n - c o o l e d  indium ant imonide de tec tor .  The shocked gases 
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1 6 I 

1 d e t e c t i o n  system. I t s  ou tpu t  i s  a m p l i f i e d  by a d i r e c t l y - c o u p l e d  c i r c u i t  

I 

2 p r o v i d i n g  a measure o f  the  gaseous emission i n t e n s i t y  ( t h e  glower i n t e n s i t y  

3 i s  n e g l i g i b l e  i n  comparison t o  t h a t  o f  emission). The glower s i g n a l  

4 i n t e n s i t y  i s  determined w i t h  a capacitor-coupled, tuned c i r c u i t  o f  h i g h  

5 gain. Wi th  these a m p l i f i e r s ,  the  d e t e c t i o n  system d i s t i n g u i s h e s  between 

l 6  t h e  e m i t t e d  and t r a n s m i t t e d  l i g h t ,  a l though bo th  a r e  presented  s imu l taneous ly  

7 t o  t h e  one de tec tor ,  and sends t h e  r e s u l t i n g  s i g n a l s  t o  d i f f e r e n t  o s c i l l o s c o p e  

8 beams f o r  record  i ng. 

9 Ca 1 i b r a t  i on o f  Pyrometer 

10 The IMRA apparatus was c a l i b r a t e d  by de termin ing  the  t ransmi t tance  

11 o f  t h e  shock tube window and t h e  abso lu te  rad iance o f  the  i n t e r n a l  

12 secondary-standard source ( B  i n  fig. Z ) J  which was a tungs ten- r ibbon 

1 amp. 13 

14 The window was found t o  pass 82 percent  o f  4 ' 5 ~  r a d i a t i o n  f a l l i n g  

15 on it. Th is  was the  wavelength used f o r  t h e  temperature measurements. 

m 16 Al though t h e  center  o f  t h e  a s y y t r i c  s t r a t c h i n g  band of carbon d i o x i d e  
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o n l y  t h e  h o t  gas i n  t h e  shock tube i s  o p t i c a l l y  ac t i ve ,  w h i l e  t h e  cool 

carbon d i o x i d e  i n  the room and i n  the shock-tube boundary l a y e r  i s  a lmost 

complete ly  t ransparent .  

The i n t e r n a l  s tandard was compared w i t h  a source which had been 

c a l  i b r a t e d  a t  the  Bureau o f  Standards. I t  was found t o  e m i t  2.47 w a t t s  

-2 - 1  - 1  
cm / s t e r  a t  2.2,&. The r e l a t i v e  s e n s i t i v i t y  o f  the  o p t i c a l  system 

and d e t e c t o r  a t  4.5 and 2 . 2 ~  

source o f  known temperature a t  t h e  t w o  wavelengths. 

wav then determined by v i e w i n g  a blackbody 

Wi th  t h e  fo rego ing  c a l i b r a t i o n  f a c t o r s  a t  hand, the a b s o l u t e  s p e c t r a l  

emission, I o f  the  h o t  gas a t  4 . 5 p  i s  r e a d i l y  determined from t h e  
g ' 

f o l l o w i n g  formula: 

= ( V  / V  ) ( l / R ) ( l / t w )  I s  
' g  9 s  

where 

V = ampl i tude o f  emiss ion s igna l ,  v o l t s  
9 

V s  = amp1 i t u d e  of s i g n a l  from i n t e r n a l  s tandard source, v o l t s  

R = s e n s i t i v i t y  o f  the system a t  4 . 5 p  r e l a t i v e  t o  t h a t  a t  2.2 P 

= t r a n s m i t t a n c e  o f  tw 
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I = i n t e n s i t y  o f  i n t e r n a l  s tandard a t  2.2 . 
S F 

This  formula i s  v a l i d  p rov ided the a m p l i f i c a t i o n  and the  s l i t  w i d t h  

are  t h e  same when bo th  V and V s  a r e  recorded. I f  they a r e  not  the  

same, the  a p p r o p r i a t e  c o r r e c t i o n  terms must be appl  ied. 

9 

Shock Tube 

The shock tube 

c i r c u l a r  sgpph i re  w 

d r i v e n  s e c t i o n  o f  the  shock tube from the d r i v e r  sect ion.  The m 

o f  t h e  windows was 179 mm from t h e  downstream end w a l l  o f  t h e  d r  

sec t ion .  Th is  d i s t a n c e  t o  the end w a l l  cou ld  be reduced t o  27mm 

was o f  rectangular  cross sect ion,  37rnmx7hm. Two 

ndows, 28mm i n  diameter,were f lush-mounted o p p o s i t e  

one another  across t h e  longer  dimension. The midpo in t  o f  t h e  windows 

was 3.94 meters from the  p o l y e s t e r  p l a s t i c  diaphragm which separated t h i s  

d p o i n t  

ven 

o r  t o  

78mm by means o f  c l o s e - f i t t i n g  plugs. The d r i v e r  gas was hel ium. The 

d iaphragms were pressu re-bu r s  t. 

Tim i ng, Pressu re, and Record i ng I ns t rumenta t i on 

Four t h t i n - f i l m  r e s i s t a n c e  gauges were mounted upstream o f  the  windows 

and one a t  the  same a x i  t e r l i n e  o f  the  windows. 
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9 

1 These gauges marked the  trbme o f  inc ident  (and i n  some cases, r e f l e c t e d )  

I 2 shock a r r i v a l  a t  t h e  f i v e  p o s i t i o n s ,  r e l a t i v e  t o  t h e  f i r s t ,  o r  t r i g g e r ,  

3 p o s i t i o n .  The s i g n a l s  were d isp layed on one beam o f  a dual  beam 

o s c i  1 loscope. The o t h d b e a m  d isp layed t h e  o u t p u t  o f  a q u a r t z  pressure c 1 4 

5 transducer.  Th is  t ransducer  was a l s o  l o c a t e d  a t  a p o s i t i o n  corresponding 

6 t o  t h e  c e n t e r l i n e  o f  the windows. A second dual  beam o s c i l l o s c o p e  was 

7 t r i g g e r e d  t o  d i s p l a y  a b s o r p t i o n  and emiss ion l e v e l s  from t h e  gas as 

8 measured by the  IMRA apparatus. Timing pu lses  from a c r y s t a l - c o n t r o l l e d  

9 secondary frequency s tandard were recorded on a 1 1 four  osc i 1 1 oscope beams 
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f o r  each run. A c a l i b r a t i o n  s i g n a l  f o r  the emiss ion l e v e l  i n t e r r u p t e d  

about 1100 t imes per  second f o r  i d e n t i f i c a t i o n  and a c a l i b r a t i o n  s i g n a l  

% 
f o r  t h e  pressure  were a l s o  recorded each time. F igure  3 shows the  o s c i l l q r s p h  

records  o f  i n f r a r e d  a b s o r p t i o n  and emiss ion f o r  a s i n g l e  experiment. The 

impor tan t  f e a t u r e s  o f  t h i s  t y p i c a l  record  are: ( 1 )  the  l a r g e  changes o f  

i n t e n s i t y  o f  t r a n s m i t t e d  and emi t ted  ' / . i g h t  upon passage o f  the shock waves, 

( 2 )  t h e  r e l a t i v e l y  n o i s e - f r e e  s igna ls ;  and (3)  the q u i c k  recovery o f  the  

tuned a m p l i f i e r  i n  the  a b s o r p t i o n  channel from t h e  r i n g i n g  induced by 

7 
\ 1 I 
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10 

step-changes, p e r m i t t i n g  meaningful  readings t o  be made about 5 0 , U s e c  

a f t e r  passage o f  the shock. 

I t  w i l l  be noted i n  f i g u r e  3 t h a t  the  gas behind t h e  r e f l e c t e d  shock 

was p r a c t i c a l l y  b l a c k  i n  t h i s  p a r t i c u l a r  run. That i s ,  i t  absorbed a l l  

o f  t h e  r a d i a t i o n  f rom the  glower source. I n  many runs o f  t h i s  sor t ,  t h e  

p o r t i o n  o f  t h e  a k s o r p t i o n  t r a c e  a f t e r  the  r e f l e c t e d  shock was s imu l laneous ly  

d i s p l a y e d  on another o s c i l l o s c o p e  a t  much h igher  gain, s o  t h a t  the  a b s o r p t i v i t y  

cou ld  be a c c u r a t e l y  determined. 

Test  Gas 

A commercial ly prepared argon-carbon d i o x i d e  m i x t u r e  was used 

w i t h o u t  f u r t h e r  t reatment.  I t  analyzed 9.9% carbon d i o x i d e  by volume, 

t h e  balance, argon. A few t e s t s  were made w i t h  t h i s  gas d i l u t e d  t o  6.7% 

carbon d i o x i d e  

d i o x i d e  m i x t u r e  

n argon and w i t h  a commercial 

which analyzed a t  1. 1% carbon 

y prepared argon-carbon 

d iox ide,  t h e  balance, argon. 
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1 1 1  I 

RESULTS AND D I S C U S S I O N  

The r e s u l t s  o f  de termina t ions  o f  gas temperatures behind i n c i d e n t  

shocks a r e  presented i n f i g .  4, where they a r e  compared w i t h  temperatures 

c a l c u l a t e d  by s imple shock theory from measured shock v e l o c i t i e s .  The 

IMRA temperatures were a c t u a l l y  measured a t  severa l  1 0 - p s e c  i n t e r v a l s  

forc each experiment, s t a r t i n g  a t  about 5 0 P s e c  l a b o r a t o r y  t ime when the 

s i g n a l s  f i r s t  became readable. Each p o i n t  i n  f i g u r e  4 was ob ta ined by 

e x t r a p o l a t i n g  such data back t o  t ime zero, The i n s t a n t  when t h e  shock 

passed t h e  c e n t e r  o f  the  windows. This  was done t o  e l i m i n a t e  e f f e c t s  o f  

a t t e n u a t i o n  on t h e  temperature. 

The agreement i s  good, and as expected, does n o t  seem t o  be a f f e c t e d  

by t h e  CO c o n c e n t r a t i o n  over  t h e  range studied. 2 

Desp i te  t h i s  general  agreement between measured and c a l c u l a t e d  

i n c i d e n t  temperatures, t h e r e  i s  never the less a good deal  o f  s c a t t e r  e v i d e n t  

i n  f i g u r e  4. P a r t  o f  t h i s  s c a t t e r  i s  t r a c e a b l e  t o  contaminat ion  o f  t h e  

shock-tube windows, b u t  most o f  i t  i s  due t o  a d r i f t i n g  type o f  i n s t a b i l i t y  

o f  t h e  i n f r a r e d  de tec tor .  From run t o  run, t h i s  i n s t a b i l i t y  produced 

I 
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12 

u n c e r t a n i t i e s  as l a r g e  as 10 percent  i n  t h e  f i r s t  term o f  equat ion  ( 3 ) ;  

t h e  r e s u l t  i s  an u n c e r t a i n t y  o f  o n l y  about 30" a t  temperatures near 1000" K, 

b u t  t h i s  grows t o  n e a r l y  300" a t  temperatures near 4000" K. 

Inasmuch as t h e  main purpose of  the  work was t o  measure r e f l e c t e d -  

shock temperatupes;,at l e v e l s  above 2000" K, i t  was d e s i r a b l e  t o  reduce 

t h e  expected s c a t t e r  i n  t h e  r e s u l t s  as much as poss ib le .  Th is  was done 

by u s i n g  t h e  i n c i d e n t  shock wave as an i n t e r n a l  standard f o r  each run. 

The temperature c a l c u l a t e d  from the measured shock v e l o c i t y  a t  t h e  window 

p o s i t i o n ,  and the  measured e m i s s i v i t y  o f  the  gas behind the  i n c i d e n t  

wve, were b o t h  assumed t o  be cor rec t .  The va lue  o f  s p e c t r a l  emiss ion I 
9 

r e q u i r e d  t o  s a t i s f y  equOtions ( 1 )  and ( 2 )  was then ca lcu la ted .  T h i s  

value, and t h e  measured vo l tages  Vg ( i n c i d e n t  shock) aiid ' I  i.ia rp 
"s '  .._'" 

i n s e r t e d  i n  equat ion  (3 )  and used t o  c a l c u l a t e  a lumped inst rument  factor, 

& 8 X I A w ) Z s  
I n  each run, then, t h i s  i n d i v i d u a l l y - d e t e r m i n e d  f a c t o r  was used t o  

c o n v e r t  measured vo l tages  i n t o  a s e r i e s  o f  r e f l e c t e d - s h o c k  temperatures, 

s t a r t i n g  a t  about 5 0 A s e c  behind the shock and determined a t  approx imate ly  

1 0 - p s e c  i n t e r v a l s .  These da ta  were e x t r a p o l a t e d  t o  t ime zero, t h e  i n s t a n t  
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t h e  r e f l e c t e d  shock passed the center  o f  the windows. The r e s u l t i n g  

temperatures a r e  p 

used t h e  r e f l e c t e d  

shock as i t  passed 

T h i s  means of 

o t t e d  as ord ina tes  i n  f i g u r e  5; as abscissas, we have 

temperatures c a l c u l a t e d  from the  v e l o c i t y  o f  t h e  i n c i d e n t  

the  windows, us ing M a r k s t e i n ' s  method ( r e f ,  8). 

o b t a i n i n g  c a l c u l a t e d  r e f l e c t e d - s h o c k  temperatures f o r  

comparison w i t h  measured values i s  c l e a r l y  r a t h e r  a r b i t r a r y .  I t s  most 

obv ious shortcoming i s  t h a t  i t  does n o t  a l l o w  f o r  t h e  a t t e n u a t i o n  o f  t h e  

i n c i d e n t  wave. However, i t  i s  important to  see how w e l l  the  temperatures 

c a l c u l a t e d  i n  t h i s  s imple way agree w i t h  t h e  measured values. F i g u r e  5 

shows t h a t  they agree surpr isdng w e l l .  The p o i n t s  ob ta ined w i t h  the  

end w a l l  a t  i t s  most remote p o s i t i o n ,  179mm from t h e  windows, tend t o  be 

high, and tbose ob ta ined w i t h  t h e  end w a l l  78mm away tend to be ;ow. 

T h i s  behavior  i s  n o t  i n c o n s i s t e n t  w i t h  t h a t  noted i n  re fe rence 9, which 

r e p o r t e d  t h a t  the  re f lec ted-shock  pressure  behaved as i f  t h e  shock 

deke le ra ted  and then acce le ra ted  as i t  receded from t h e  end w a l l .  But 

i n  a grosser  sense, the agreement between measured and s imp ly -ca lcu  

temperatures i s  very  g r a t i f y i n g .  O f  the  27 measurements shown i n  f 

I 

a ted 
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14 

14 a r e  w i t h i n  100" o f  the  l ine ,  and on ly  4 m i s s  i t  by more than 200" K. 

We do however, b e l i e v e  t h a t  d e v i a t i o n s  laeger  than 100" a r e  rea l ,  and 

t h a t  they r e f l e c t  a c t u a l  depar tu res  o f  t h e  shocks from i d e a l  one-dimensional 

behavior.  

An example o f  the  d e t a i l  which i t  i s  p o s s i b l e  t o  o b t a i n  by t h e  IMRA 

method, i s  g iven  

i s  f o l l o w e d  a t  10 

n f i g u r e  6, where the  temperature h i s t o r y  o f  a shock 

t o  20 sec i n t e r v a l s  f o r  7Qo sec a f t e r  i t s  passage. P r 
The r i s e  i n  temperature behind the  i n c i d e n t  shock i s  accounted f o r  

by a t t e n u a t i o n  e f f e c t s .  Th is  shock was determined t o  be a t t e n u a t i n g  i n  

v e l o c i t y  a t  the  r a t e  o f  1 . 5 ~ 1 0  -4 rnrn$&s/mrn(= 2 )  , and there fore ,  f o r  

-4 dT klP - dU 
U' 

- =  dU 1 . 5 ~ 1 0  . Strong shock theory  p r e d i c t s  - = - = 
U T P  

sec, 

C g l  dU 4 -ij a n d  T ( C a l c u l a t i o n s  a t  temperatures o f  the order  o f  1300" k, snow 

dP - - = 2 ). Pressure measurements gave dP/P = 3 . 8 x 1 0 - ~  behind t h e  P U 

i n c i d e n t  shock, somewhat h igher  than would have been i n d i c a t e d  by a t t e n u a t i o n .  

-4 
The IMRA r e s u l t s  i n  f i g u r e  6 show dT/T = 3 . 0 ~ 1 0  , i n  good accordance w i t h  

t h e  a t t e n u a t i o n  p r e d i c t i o n .  

Other observers ( r e f .  2) have noted a r i s e  i n  p ressure  behind r e f l e c t e d  

I 
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shocks. This  p ressure  r i se ,  converted i n t o  an i s e n t r o p i c  temperature 

change by the equat ion  T = (Fd - 9 To, corresponds very  we1 1 w i t h  

t h e  i n f r a r e d  pyrometer r e s u l t s  o f  f i g u r e  6. 

A second example o f  d e t a i l e d  a n a l y s i s  i s  presented i n  f i g u r e  7. 

Here the temperature f o l l o w i n g  the  passage o f  the r e f l e c t e d  shock tends 

t o  r i s e ,  due t o  i s e n t r o p i c  compression, and tends t o  decrease due t o  

d i s s o c i a t i o n  accord ing  t o  the  equat ion  

1 C02+ CO + 2 O2 , AH = 65.8 K cal  

(The r a t e  o f  oxygen atom recombinat ion i s  s u f f i c i e n t l y  h i g h  so  t h a t  the 

c o n c e n t r a t i o n  o f  O 2  i s  much g rea te r  than t h a t  o f  0 a t  t h i s  temperature). 

f o r  the d i s s o c i a t i o n  r a t e  o f  
7 -1 - 1  oK-l 

Using: ( 1 )  2 . 9 ~ 1 0  cc moles sec 

C02 a t  3220°K ( r e f ,  ' 10) and fo r  the subsequent temperatures a f t e r  the 

r e f l e c t e d  shock wave passage, (2.) the i s e n t r o p i c  temperature c o r r e c t i o n s  

f rom the  measured pressures, and (3 . )  n e g l i g i b l e  back r e a c t i o n  o f  the GO 

and 0 t o  form C02, t h e o r e t i c a l  temperature c a l c u l a t i o n s  were made. As 

w i t h  t h e  s imp le r  case of f i g u r e  6, t h e  agreement o f  theory  and r e s u l t s  i s  

g r a t i f y i n g .  I n  t h i s  case ;fi u r e  7 the a t t e n u a t i o n  comparisons behind 7 
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CONCLUSIONS 

1. I n f r a r e d  pyrometry o f  a carbon d iox ide -a rgon  gas m i x t u r e  y i e l d e d  

temperatures i n  agreement w i t h  those c a l c u l a t e d  from the  i n c i d e n t  shock 

speed by common shock theory, from 1100 t o  3600" K. 

2. A comparison o f  r e f l e c t e d  shock temperatures measured 27, 78, and 

179mrn a f t e r  r e f l e c t i o n  w i t h  temperatures c a l c u l a t e d  from one-dimensional 

d / T  g.cA &uf J r P&L~/@ ky de /n  e m o r  
shock theory  shows l a t t e r  a r e p  

67 /"try 4 m & a h Z ~ .  

3. A t t e n u a t i o n  of t h e  speed of an i n c i d e n t  shock wave was accompanied 

by changes i n  the gas pressure  and temperature i n  the p e r i o d  f o l l o w i n g  

the  passage o f  t he  shock. The r e l a t i o n s h i p s  between these changes m i n  

general  agreement w i t h  s t rong (  shock theory. 

4. The change i n  gas temperature w i t h  t ime a f t e r  a r e f l e c t e d  shock 

was adequately c a l c u l a t e d  from the d i s s o c i a t i o n  r a t e  o f  carbon d i o x i d e  

and the  pressure  h i s t o r y  o f  the gas mix tu re .  

5. These data were p r e l i m i n a r y  i n  nature. I t  i s  expected t h a t  

re f inements  i n  apparatus and technique w i l l  y i e l d  much improved data. 
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